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@ Micro-capsules. 

(§r) The invention relates to a completed novel type of 
micro-capsules, viz. such capsules where an encapsulated 
hydrophobic or lipophilic substance is surrounded by polar 
solid crystals of polar lipids which expose their hydrophllic face 
outwards and their hydrophobic face turned inwards towards 
the hydrophobic or lipophilic substance. These micro-capsules 
can be utilized to encapsulate for instance tacky substances or 
substances to be protected against oxidation or influence from 
lighl. Moreover, an especially interesting use according to the 
invention is the use of said micro-capsules In an ointmenl base, 
where the active ingredient is well protected within said 
capsules up to the use but which at the application on the skin 
directly comes into contact with the skin surface as a 
consequence of the crystalline structure of the shell. Further- 
more, the invention relates to a special micro-capsule composi- 
tion in the form of a dispersion of said micro-capsules in water 
or a polar liquid, where the crystals constitute 5-50 percent by 
weight and water or the polar liquid 50-95 percent by weight. 
Moreover, the invention relates to a process for the preparation 
of said micro-capsules, wherein a mixture of said polar lipid with 
water or polar liquid is formed, the mixture is heated above the 
transition temperature of the lipid and the mixture is then 
cooled lo the desired temperature so as to obtain crystalliza- 
tion, the hydrophobic or lipophilic substance being added 



or during the liposomic phase. Finally, the invention 
to a crystal dispersion of the polar lipid In a polar liquid, 
s glycerol, ethylene- or propylene glycol. 
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TECHNICAL FIELD 

The present invention relates to the field of 
microencapsulation, i.e. the technique by means of 
which a substance that is intended to be protected 
from the surrounding or contact with another 
substance, is encapsulated in a surrounding pro- 
tecting or contact-preventing envelope or shell. In 
this context the primary novelty is that it has turned 
out possible to encapsulate a hydrophobic or 
lipophilic substance within a crystalline shell of 
surface active crystals of polar lipids, which as far as 
we know of has not been previously used and means 
essential advantages as compared to known micro- 
encapsulation methods. In addition to an improved 
effect in several aspects relative to the prior art the 
invention also opens up possibilities for completely 
new application areas for micro-capsules, among 
which the use in ointment bases can be mentioned. 
More specifically the invention relates to novel 
micro-capsules, to an especially preferable micro- 
capsule composition containing said micro-cap- 
sules, to a process for the preparation of the 
micro-capsules or the micro-capsule composition as 
well as to a novel use of said micro-capsules. 
Furthermore, according to still another aspect the 
invention relates to a novel crystal dispersion and a 
method of preparing the same. 

BACKGROUND OF THE INVENTION 

Micro-capsules and micro-encapsulation are 
terms which are well known per se to a person 
skilled in the art, which means that there should be 
needed no definitions of said terms here. It is true 
that the meaning of the terms "micro" may possible 
vary from one application area to another, but since 
the invention is not directly critical in this aspect, i.e. 
that a very specific size is necessarily referred to, 
that term should be considered in the present case 
merely as the conventionally accepted meaning of 
particles which are not macro particles of the sizes 
of several millimeters and thereabove. However, the 
especially preferable micro-encapsulation technique 
that is claimed generally gives particles having a size 
below 1 mm, which means that such particles are 
generally referred to in connection with the present 
invention. 

Especially within the pharmaceutical and food 
industries there is today a great interest in encapsu- 
lating substances for the purpose of reducing the 
contacts with the surroundings. There are several 
known methods of performing a micro-encapsula- 
tion, such as e.g. a so-called complex coacervation 
in an aqueous medium, a phase separation, a 
polymerization in situ and a coating operation. The 
protective layer or shell is primarily built up from 
polymers, synthetic or native ones, or from amor- 
phous lipids. For a survey of these different methods 
reference is made to Biomedical applications of 
micro-encapsulation ; Lim, Franklin; CRC Press 
(1984). However, said known methods are con- 



nected with disadvantages of different kinds. Thus, it 
may for instance be that the manufacture is 
performed in the presence of nonphysiological or 
toxic reagents or that the obtained structure is 
non-stable or non-reproducible. 

SUMMARY OF THE INVENTION 

The above-mentioned deficiencies and disadvant- 
ages are eliminated or at least reduced by means of 
the present invention. This is primarily accomplished 
by the use of a completely new type of shell in these 
connections, viz. a solid crystalline shell from 
surface active lipids, wherein these expose their 
hydrophilic face outwardly and their hydrophobic 
face Inwardly towards the hydrophobic or lipophilic 
substance to be encapsulated. In other words the 
micro-capsules according to the invention possess 
a hydrophilic outer surface while at the same time 
they enclose a hydrophobic or lipophilic substance. 

Thus, the characteristic features of the micro-cap- 
sules according to the invention are that the 
substance is a hydrophobic or lipophilic substance 
and that it is surrounded by surface active solid 
crystals of polar lipids, i.e. having one hydrophilic 
and one hydrophobic side or face, said lipids 
exposing their hydrophilic face outwards and their 
hydrophobic face turned inwards towards the hydro- 
phobic or lipophilic substance. 

With reference to those lipid crystals which are 
utilized according to the present invention to obtain 
micro-capsules it can be mentioned as a back- 
ground that most amphophilic substances, such as 
e.g. lipids, crystallize in bimolecular layers with 
dominating crystal surfaces parallel to said layers. 
The crystal surface can either be formed from polar 
end groups or from methyl end groups. It has 
previously been possible to prepare crystals which 
have their both sides consisting of polar groups, i.e. 
hydrophilic ones, see GB patent specification 
No. 1,174,672, in which details can be found as 
concerns the hydrophilic crystals. 

Contrary to previous patents the present invention 
discloses crystals with a hydrophilic and a hydro- 
phobic side or face. The prior art does not disclose 
that it is possible to obtain by means of such 
crystals, as is the case with the present invention 
micro-capsules of the type referred to and even less 
that such micro-capsules would possess those 
outstanding properties which the micro-capsulBS 
according to the invention have been shown to 



In order to show at least to some extent said 
properties and advantages in connection with the 
invention the invention will now shortly be described 
in connection with the preferable method of manu- 
facture thereof. In this context the invention can 
generally be said to represent a method of manufac- 
turing micro-capsules by means of surface active 
crystals wich are grown around a hydrophobic 
particle or drop in an aqueous medium or in some 
other polar liquids so as to form a covering surface 
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layer. The thickness of the covering layer can be 
varied by means of changes of the composition or an 
adjustment of the crystallization process. The ad- 
vantages of the micro-encapsulation according to 
the invention are that the manufacture can be 
performed completely in an aqueous medium with- 
out the presence of non-physiological reagents, 
such as cross-linking agents, accelerators and 
initiators, and that the substances used for the 
crystals are natural food ingredients or additives of a 
GRAS-standard. Other advantages are that partly 
the crystalline structure is stable, partly It Is 
reproducible, i.e. all layers are of a similar structure. 
Thus, when using polymers non-ordered amorphous 
structures are created with for instance varying 
diffusion rates and risks of transformation phe- 
nomena. Furthermore, the micro-capsules accord- 
ing to the invention are easily dispersable in water, 
which will be described more In detail below. 

By means of the micro-capsules according of the 
inventtion inter alia the following advantages are 
obtainable: 

Obtain solid particles of oils 

Control smell and flavour 

Protect the substance from oxidation 

Alter solubility and surface properties 

Retard evaporation 

Prevent incompatibilities 

Handle toxic materials 

Improve flow properties 

Obtain delayed release of an active substance, i.e. 
so called slow release. 

It is true that several of these effects are 
previously known per se in connection with micro- 
encapsulation according to the prior art, but as will 
be clear for instance from the working examples to 
follow, the encapsulating technique according to the 
present invention has in many respects turned out to 
be superior to the prior art. In addition to the face 
that the invention enables a completely different 
repro ducibility than according to the prior art, the 
microcapsules according to the invention can thus 
for instance give an essentially improved stability 
with reference to the encapsulated substance, while 
they can at the same time make possible a more 
rapid and more effective release of the active 
encapsulated substances if desired. This of course 
represents an extremely valuable contribution to the 
technique within this field, as said properties have 
previously been considerd more or less incom- 
patible with each other. The reason for the rapid and 
effective release of the active ingredient in those 
cases where this is desirable is supposed to be the 
structure of the crystals, i.e. that at shear, a small 
temperature raise and/or a contact with hydro- 
phobic surfaces the crystals can be brought to slide 
away and open a contact path between the encapsu- 
lated substance and the surface upon which said 
substance is to be applied. This special effect will be 
illustrated more below in connection with the special 
use according to the invention. 

Although the invention is generally applicable to all 
lipids of the type referred to above, i.e. such lipids 
which are able to form solid surface active crystals, a 
preferable embodiment of the invention is rep- 



resented by the case when the lipid has a tempera- 
ture for crystallization to a solid phase from a 
lamellar liquid crystalline phase that is imperative to 
the operation of the invention, of between ambient 
5 temperature (about 20° C) and about 100X. Thus, 
said temperature range is suitable from a manufac- 
turing point of view as well as from a handling point 
of view. 

Especially preferable surface active lipid crystals 

w according to the Invention are p-cryslals from a 
monoglyceride of a fatty acid having a chain length of 
12-18 carbon atoms or monoglycerol ethers having 
ether chains of the corresponding chain length or 
fatty acid esters of ascorbic acid, the fatty acid also 

15 in last-mentioned case preferably having a chain 
length of 12-18 carbon atoms, as these have turned 
out to give by means of the special process 
according to the invention surface active solid 
crystals of the kind referred to. The fatty acids as well 

20 as the ethers are preferably saturated ones. 

The above-mentioned monoglyceride can be an 1- 
or 2-monoglyceride, preferable compounds within 
the above-mentioned group being 1-monolaurin. 
1-monomyristin, 1-monopalmitin and 1-monostearin 

25 or a mixture of two or more of these. Especially 
preferable thereof, e.g. in connection with ointment 
bases, is 1-monolaurin or a mixture of 1-monolaurin 
and 1-monomyristin wherein the contents of 
1-monolaurin is at least 10 percent by weight. 

30 Examples of other polar lipids which should be 
useful in accordance with the invention are phos- 
phate esters and lactic esters of fatty acids, which 
preferably also contain 12-18 carbon atoms and are 
preferably saturated. 

35 As concerns the substance to be encapsulated 
within the surface active lipid crystals it should be 
noted that the invention Is applicable to each 
substance of a hydrophobic or lipophilic character. 
Specific examples of such substances will be given 

40 below in connection with certain especially interes- 
ting applications of the micro-capsules. In the 
present case the expressions referred to are used in 
their general, established meanings, i.e. hydro- 
phobic represents in principle "water-repelling", 

45 while lipophilic relates to "lipid attracting" or similar. 
Furthermore the hydrophobic or lipophilic sub- 
stance can be in a solid or a liquid aggregation 
condition, i.e. It can be a liquid, a solution or be 
represented by particles. 

50 According to an especially interesting embodi- 
ment of the invention the hydrophobic or lipophilic 
substance Is selected from the group of substances 
which are not easily soluble In water and which have 
a melting temperature or point that is close to or 

55 below the Intended use temperature of the micro- 
capsules. Thus in addition to the stabilizing effect 
that is obtainable by micro-capsules this means that 
a substance which is tacky per se can be encapsu- 
lated to a non- tacky easily handable product. An 

60 example of such a substance is coal-tar which is 
utilized in connection with pharmaceuticals, e.g. in 
psoriasis preparations. 

The lipid crystal encapsulation in accordance with 
the invention has also been shown to represent an 

65 unexpectedly effective way of protecting easily 
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oxidated substances, e.g. lipids present in food 
stuffs. Food stuffs enriched on essential fatty acid 
triglycerides, fat-soluble vitamins and porfyrin com- 
plexes of mineral substances represent the most 
important applications, but also spice oils and some 
lipophilic flavouring agents can be protected in the 
corresponding way. Examples of specific substan- 
ces in this application are marine oils, ditranol, 
A-vitamin and D-vitamin and flavonides of the types 
catechin, rutin, rotenon. pyretrum or derivatives 
thereof as well as tanning agents such as for 
instance tannin. 

According to still another preferable embodiment 
of the invention the hydrophobic or lipophilic 
substance Is selected from the group of light-de- 
composition-sensitive substances, as the novel 
crystalline shell according to the invention has also 
in this case turned out to give an outstanding stabili- 
ty. An example of a light-decomposition-sensitive 
substance for which the micro-encapsulation tech- 
nique according to the invention is especially 
interesting, is a tetracycline. 

According to the invention it has also been shown 
to be possible to prevent in an advantageous way 
the formation or creation of incompatibilities. By 
encapsulating a substance in the micro-capsulas 
according to the invention it Is thus possible to mix 
the same with a substance that is generally 
incompatible therewith, e.g. hydrocortisone with 
hydrogen peroxide. Micro-capsules from hydrocorti- 
sone can be admixed with an aqueous solution of 
hydrogen peroxide without having any reduction of 
the stability of the steroide. 

As concerns the proportion of the hydrophobic or 
lipophilic substance in the micro-capsules acocord- 
ing to the invention said proportion is not especially 
critical, but the specific use will be decisive for what 
concentration is cho sen. Thus generally the Inven- 
tion is applicable also to a large amount or 
proportion of the hydrophobic or lipophilic sub- 
stance, e.g. in a proportion of up to about 90 percent 
by weight based on the weight of the micro-cap- 
sules. As concerns the lower limit it is imperative 
only that the proportion of hydrophobic or lipophilic 
substance is large enough to obtain a homogeneous 
product. Otherwise, the concentration might be 
infinitely small. 

Apart from the water or the polar liquid which Is 
absorbed by Ihe polar lipid in the formation of the 
surface active crystals it is possible according to the 
invention to prepare more or less dry micro-cap- 
sules, e.g. by using in the special process claimed a 
final step for the evaporation of water or polar liquid, 
e.g. by lyophilization. Thus the term micro-capsules 
according to the invention represents either a 
product of a dry nature or a product having varying 
amounts of liquid. However, an especially preferable 
micro-capsule composition according to the inven- 
tion is represented by a dispersion of the previously 
defined micro-capsules in water or in said polar 
liquid, wherein the water or the polar liquid con- 
stitutes 50-95 percent by weight of the dispersion 
and the surface active crystals 5-50 percent by 
weight of the same. Said composition is especially 
preferable partly for the reason that it is the 



composition that is directly obtained from the 
process according to the invention, partly for the 
reason that such a product has a consistency that is 
suitable for many different applications. 

5 In connection with the invention the term polar 
liquid represents another liquid but water and a 
liquid that is able to produce said surface active 
crystals from the polar lipids. Examples of polar 
liquids for use in accordance with the invention are 

10 glycerol, propylene glycol and ethylene glycol. Thus, 
according to the invention it has also unexpectedly 
turned out that it is not only water that can be used 
for the preparation of the surface active crystals but 
also certain types of polar liquids can be utilized for 

15 said purpose. This will be illustrated more below. 

From the above discussion relating to the propor- 
tion of hydrophobic or lipophilic substance in the 
micro-capsules it can be gathered that said propor- 
tion is primarily not either critical in connection with 

SO the micro-capsule composition claimed. However, 
an especially preferable concentration range is 
0.1-15 percent by weight based on the weight of the 
composition. 
As was mentioned above the invention also 

25 relates to a process for the preparation of the 
micro-capsules or of a micro-capsule composition In 
accordance with the above-mentioned definitions. 
Said process is characterized by mixing the polar 
lipid with water or said polar liquid to the formation of 

30 a mixture having a water or liquid content of 60-95 
percent by weight, imparting to said mixture a 
temperature above the so-called transition tempera- 
ture of the lipid, which temperature is defined as the 
lowest temperature at which a particle of the lipid in 

35 contact with an excess of water or polar liquid 
absorbs water or polar liquid respectively, and is 
transformed to cylindrical or spherical particles 
having a strong birefringence, which particles are 
called liposomes, keeping said mixture above said 

40 temperature whith stirring until said transformation 
has occurred, and cooling said mixture with conti- 
nued stirring to ambient temperature or the desired 
temperature so as to obtain said surface active solid 
crystals, the hydrophobic or lipophilic substance 

45 being added before the lipid is transformed into 
liposomes or while it is still in the liposomic form. 
Dependent on the desired solid contents of the 
micro-capsules water or polar liquid can then 
optionally be evaporated if desired. 

50 Thus, the novel micro-encapsulation principle 
according to the invention is based on the possibility 
of getting crystals of lipids to expose lipophilic as 
well as hydrophilic dominating surfaces. GB patent 
specification No. 1,174,672, referred to above, 

55 discloses per se a method of preparing lipid crystals 
having hydrophilic surfaces, which means that 
further details concerning the process can be taken 
from said specification. However, in accordance with 
the invention it has unexpectedly been shown that 

60 by adding the hydrophobic or lipophilic substance 
before the lipid is transformed into liposomes or 
while it is still in the liposomic form it is possible to 
obtain micro-capsules having a completely new 
structure and with outstanding properties. Thus, it 
65 has unexpectedly turned out that it is possible to 
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control trie crystallization of a polar lipid so that the 
lead-shaped crystals are built up at an interphase 
between the oil phase and water (or polar liquid) and 
orient their polar groups outwards towards the water 
(polar liquid) and the methyl end-groups of their 
hydrogen tails towards the oil phase, This means 
that in total the crystals are surface active with a 
hydrophilic surface towards water (polar liquid) and 
a hydrophobic surface toward the hydrophobic or 
lipophilic substance and that last-mentioned sub- 
stance is surrounded by lipid crystals in such a way 
that so-called micro-capsules are obtained. Similar 
proportions between oil, water and other polar lipids, 
e.g. glycerol monostearate, are disclosed in pre- 
viously published compositions; see for instance 
Practical emulsions, Vol 2, H. Bennet, J-L. Bishop Jr. 
and M.F. Wulfinghoff , page 37 No 24, Chemical Publ. 
Co. New York (1968). In the previously disclosed 
compositions the polar lipid is dissolved in the oil 
phase, a monomolecular layer of the polar lipid being 
formed at the interphase between oil and water, 
which layer acts as a barrier against the formation of 
the lamellar liquid crystalline phase that is formed in 
accordance with the present invention. Comparative 
tests between known compositions and the novel 
composition according to the invention show that 
well-defined crystalline layers of the polar lipid at the 
interphase oil-water are formed only at the process 
according to the present invention. 

Thus, the prerequisite of a manufacture of encap- 
sulated oil phase or of encapsulated lipophilic 
particles in a water-medium by means of lipid 
crystals is that a lamellar liquid crystalline phase of 
the lipid referred to Is created in wa ter. How such a 
liquid crystalline phase can be created or formed is 
disclosed more In detail also In Liquid crystallinity in 
llpkJ-water systems, Krister Fontell, Mol. Cryst.Liq. 
Cryst, 1981, Vol 63, pages 59-82. Then the hydro- 
phobic or lipophilic substance referred to is dis- 
persed in the mixture, i.e. before or during the 
liposomic state. Then the lamellar liquid crystalline 
phase orients itself at the boundary zone between 
the oil phase or the lipophilic particles and the water 
phase. At cooling the lipids will crystallize as the 
chain length of the lipid is preferably selected so that 
the lipid will crystallize at a temperature between 
100°C and room temperature. When the crystalliza- 
tion takes place in said phase, the surface properties 
will be retained and in this way the crystals will be 
lipophilic against the encapsulated oil phase or the 
lipophilic particles and hydrophilic against the water 
phase. 

In connection with liposomes it can also be added 
that different methods of preparing liposomes are of 
course previously known per se. Thus, OK 141082 
discloses a novel method of preparing liposomes via 
so called fiposome-precursors. Said method is 
based on the fact that the liposome-precursor is 
formed in a hydrophobic medium by means of lipids. 
These lipids are, however, in a lamellar liquid state. 
Moreover, WO 83/00294 discloses the use of lipids 
in liposome structures, but as the characterizing 
feature of a liposome is a liquid crystal layer this is 
also different from the present invention. Further- 
more, these two references require the presence of 



additional substances such as bile salts, fatty acids 
and phospholipides which also give other structures 
than the one obtained by the present invention. 
To obtain the best results in the process claimed 

5 the mixture is preferably kept at a temperature that 
exceeds said transition temperature with 5-15' C, 
e.g. with 10"C, until equilibrium has been obtained. 
In this way one avoids for instance other liquid 
crystalline structures than the micro scopic par- 

10 tides. 

The temperature of the equilibrium mixture is then 
slowly lowered to the desired temperature, which is 
generally ambient temperature, a rapid stirring 
preferably being maintained to prevent the separ- 

15 ation of a homogenous water phase within the 
mixture. However, the stirring rate should not be so 
high as to create a foaming effect. The temperature 
is preferably towered at a rate of 0.5-5° C per minute 
unta the crystallization takes place, after which the 

20 cooling rate Is not critical. 

As was mentioned above it has unexpectedly 
turned out in accordance with one aspect of the 
invention that polar lipid crystals with the same 
structure as in water can be prepared also by means 

25 of some polar liquids, viz. glycerol, propylene glycol 
or ethylene glycol. This also represents an extremely 
valuable contribution to the prior art, as among 
advantages with a hydrophilic water-free medium 
there can be mentioned inter alia a reduced 

30 evaporation and no autoprotolyse. This type of 
crystal dispersion with or without encapsulated 
material is of a great value when it is desired to 
create a water-free cream product which is still easy 
to wash off. 

35 In other words the invention also relates to a 
method of preparing polar lipid crystals without any 
encapsulation of hydrophobic or lipophilic sub- 
stance, i.e. not any microcapsules but instead a 
dispersion of the surface active crystals in the polar 

40 liquid. Said method corresponds to the process 
described above for the preparation of the micro- 
capsules with the exception that the step to 
Incorporate the hydrophobic of lipophilic substance 
has been deleted which means that details as to the 

45 method can be taken from the above-mentioned 
disclosure. In general, however, this means that the 
method is characterized by mixing the polar lipid 
with a polar liquid having the ability of forming polar 
crystals of said polar lipid, such as glycerol, ethylene 

SO glycol or propylene glycol, to the formation of a 
mixture having a content of said polar liquid of 50-95 
percent by weight, Imparting to said mixture a 
temperature above the so called transition tempera- 
ture for the lipid, which temperature is defined as the 

55 lowest temperature at which a particle of the lipid in 
contact with an excess of the polar liquid absorbs 
the same and is converted to cylindrical or spherical 
particles having a strong birefringence, maintaining 
said mixture above said temperature with stirring 

60 until the transformation has taken place and cooling 
the mixture with continued stirring to ambient 
temperature or the desired temperature, so that the 
polar solid crystals are formed. 
As was the case in the manufacture of micro-cap- 

65 suies described above said mixture is preferably 
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kept at a temperature which exceeds the transition 
temperature with 5-15" C until equilibrium has been 
reached. 

Preferably the mixture is cooled at a rate of 
0.5-5° C per minute. 

The invention also relates to a crystal dispersion of 
the type that is obtainable by means of last-men- 
tioned method. Said crystal dispersion is charac- 
terized in that it comprises a dispersion in the polar 
liquid of the polar lipid, that the polar liquid 
constitutes 50-95 percent by weight of the disper- 
sion, and that the molecular orientation of the polar 
lipid in the crystal is such that the crystal surface 
essentially consists of polar end groups of the lipid, 
which inpart hydrophilic properties to the crystals. 

As concerns other details in connection with the 
polar lipid and the polar liquid, respectively, ref- 
erence is made to the above-mentioned details. 

Finally, the invention relates to a completely novel 
use of micro-capsules, viz. in an ointment base. This 
opens up completely new possibilities of incorpora- 
ting active substances into an ointment, as it has not 
bee possible in practice to accomplish a product of 
said type by means of the previously known 
micro-capsules. 

According to the present invention it has unex- 
pectedly turned out that when spread on mucous 
membranes, e.g. skin areas, the encapsulated 
substance will come into contact with lipophilic 
receptor surfaces in such a way that the crystals will 
slide away and open a contact path for the 
encapsulated oil phase or any lipophilic particle. 

The invention will now be described more specifi- 
cally by means of working examples which relate to 
some preferable embodiments of the invention and 
which must not be considered limiting the same in 
other respects that what Is claimed in the claims. 

EXAMPLES 

The lipid crystal-encapsulation has turned out to 
be an unexpectedly effective way of protecting 
oxidation-sensitive lipid substances. This can be 
utilized inter alia for food stuffs and medical 
preparations. Food stuffs enriched on essential fatty 
acid triglycerides, fat soluble vitamins and porfyrin- 
complexes of mineral substances represent the 
most important applications, but also spice oils and 
certain lipophilic flavouring agents can be protected 
in a similar way. This aspect of the invention is 
exemplified by Examples 1-7. 

The planar chrystal structure means that the 
crystals possess light-reflecting properties, which in 
turn means that in accordance with the Invention an 
improved stability can be imparted to light-sensitive 
substances. This is exemplified in Example 8. 

By means of the lipid crystalline micro-encapsulat- 
ing technique it is possible to alter or change surface 
properties of the substances present, which means 
that substances having adhesive, tacky properties 
are encapsulated and will become completely inert. 
This is requisite or necessary when the substance 
referred to belongs to the group of substances wich 
are hardly soluble in water and which have such a 
low melting point that problems are caused in use in 
for instance an ointment. Example 9 represents this 



case. In some cases it is desirable to perform the 
encapsulation In a water-free medium. This is 
exemplified in Example 10. 

To obtain a higher melting point of the crystal shell 
5 and to obtain seeds for a re-crystallization after an 
occasional heating thereof the laurin- and myristin- 
monoglyceride can be partially or completely re- 
placed by stearin- or palmitin-monoglycerides. This 
is exemplified by Example 11. 
10 The invention can also be utilized to admix two or 
more components which are normally not com- 
patible with each other. See Example 12. 

Finally Example 13 shows the manufacture of a 
crystal dispersion of the polar lipid in another polar 
15 liquid but water. 

As to the Examples it should be noted that ail 
parts mentioned therein represent parts by weight. 

EXAMPLE 1 

20 28 parts of a mixture of laurin- and myristin-mono- 
glyceride, 1 + 3, is mixed with 62 parts of water and 
heated to 70° C. Vitamin A, 10 parts, is added and the 
mixture is cooled to room temperature at a rate of 
0.5 to 5°C per minute. The vitamin stabilized in this 

25 way does not show any enhanced concentrations of 
degradation products in addition to what is dis- 
closed in Ph. Eur. or USPXX after a storage at 20° C 
for 2 years. 

30 EXAMPLE 2 

A mixture of 30 g of 1-myristin monoglyceride is 
admixed with 95 g of water and heated to 65° C. At 
said temperature 5 g of alfa-tocopherol is added 
which is dispersed into the spherical aggregates of 

35 the lamellar liquid crystalline phase by means of ultra 
sound. This is most conveniently obtained by 
immersing an ultrasonic rod into the mixture. A 
period of from 1 0 to 20 minutes is generally sufficient 
for a non-detection of visible drops of alfa-tocophe- 

40 rol. The dispersion is then cooled in the same way as 
in Example 1 . This water-dispersed form of alfa-toco- 
pherol does not show any changes as to taste after 
having been stored at 20° C for two years. Without 
giving any undesirable changes of taste it can be 

45 stirred into varying products such as for instance 
dress ings, sauces, cream cheeses or keso. 

EXAMPLE 3 

To the hot (65° C) monoglyceride-water mixture 
50 from Example 1 there are added 5 g of a marinB oil 
enriched on polyunsaturated fatty acids within the 
range of Czo-Cb6. The dispersion is cooled in 
accordance with Example 1. The product Is con- 
sidered having the effect of preventing the formation 
55 of thrombi. 

EXAMPLE 4 

To the hot (65° C) monoglyceride-water mixture 
from Example 1 there are added 10 g of wheat-germ 
60 oil. Cooling is performed in accordance with 
Example 1. This product can replace gelatine-encap- 
sulated wheat-germ oil. 
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EXAMPLE 5 

to the hot monoglyceride-water mixture, 70-80" C, 
from Example 1 one part of ditranole is added and 
cooling is performed in accordance with Example 1, 
This experiment is carried out in a nitrogen medium. 
In experiments concerning kept qualities this pro- 
duct keeps its quality for a longer time than 
commercial products. 

EXAMPLE 6 

Ditranol, 1 part, in Example 5 is replaced by 
Catechin, 2 parts. After 10 months the preparation is 
uncoloured while a conventional emulsion prepara- 
tion is coloured by oxidated products already after 2 
months. 

EXAMPLE 7 

Ascorbyl palmitate, 10 parts, are mixed with water, 
88 parts, and heated to 75°C. After 15 minutes at 
said temperature with stirring 2 parts of ditranol are 
added and the temperature is lowered with 0.5-5° C 
per minute to 25° C. The micro-capsule manufac- 
tured in this way prevents a rapid oxidation of 
ditranol and is compatible with crystalline ointment 
bases based on the above-mentioned lipids. 

EXAMPLE 8 

1 monolaurin, 7 parts, are mixed with 1-monomyr- 
istln, 21 parts. Water, 74 parts, are added and after a 
heating to 70° C oxytetracycline-dihydrate, 5 parts, 
are added. The mixture is cooled as was described 
earlier. Tetracycline present in the composition is 
stable against light-induced decomposition, which is 
illustrated by colour comparisons between the 
above-mentioned composition and a conventional 
ointment base containing tetracycline. After two 
months in sunlight the conventional composition is 
severely oxidized, the oxidation product being 
brown, while the above-mentioned composition is 
unchanged. 

EXAMPLE 9 

1-monolaurin is mixed with 1-myristin in a ratio of 
30/70. Water, 70 parts, are mixed with 30 parts of 
monogfycerlde mixture obtained above and with 5 
parts of coal tar. The mixture is heated to 70° C and is 
then cooled at a rate of 0.5-5° C per minute to room 
temperatur. 

EXAMPLE 10 

Water in Example 5 is replaced by glycerol. 
Otherwise the manufacturing conditions are the 
same. A water-freB medium is an advantage as for 
instance oxygen or carbonate ions dissolved in the 
water can influence on the quality of the encapsu- 
lated substance. 

EXAMPLE 11 

10 parts of monolaurin, 10 parts of monostearin 
and 1 part of ditranol are mixed with 79 parts of 
water. After a heating to 75° C the mixture is cooled 
to 30° C at 0.5-5° C per minute. 



EXAMPLE 12 

7 parts of monomyristin and 21 parts ot mono- 
laurin are mixed with 1 part of ditranol and 71 parts of 
water. The mixture is heated to 70° C and cooled to 

5 40°C at a rate of 0.5-5°C per minute. At 40 C C 30 
percent hydrogen peroxide, 6.7 parts, are added and 
cooling is continued to 30° C. Ditranol can be 
replaced by for instance Catechin, Xylocain, Predni- 
solon or Inositoi-Niacinat. By the encapsulation in 

10 lipid crystals the oxidation-sensitive substances will 
be compatible with hydrogen peroxide. 

EXAMPLE 13 
Glycerol, 90 parts, are mixed with monolaurin, 3 
15 parts, and monomyristin, 7 parts. The mixture is 
heated to 70° C and after stirring for 15 minutes it is 
cooled to room temperature at a rate of 0.5-5° C. The 
end product Is a cream that can be used to prevent 
the penetration of solvent vapours through the skin. 

20 



Claims 

25 1. Micro-capsules, wherein a substance that 

is intended to be protected from the surround- 
ing or from contact with another substance, is 
encapsulated within a surrounding protecting 
or contact-preventing shell, characterized in 

30 that said substance is a hydrophobic or lipo- 

philic substance and that it is surrounded by 
surface-active solid crystals of polar lipids, i.e. 
having a hydrophilic and a hydrophobic side, 
said lipids exposing their hydrophilic side 

35 outwards and their hydrophobic side turned 

inwards towards the hydrophobic or lipophilic 
substance. 

2. Micro-capsules according to claim 1, 
characterized in that the lipid has a crystalliza- 

40 tton temperature of between about 20° C and 

about 100° C. 

3. Micro-capsules according to claim 1 or 2, 
charaterized in that the lipid crystals are 
B-crystals of a monoglyceride of a fatty acid, of 

45 ascorbic, phosphate or lactic esters of fatty 

acids or of monoglycerol ethers, the fatty acids 
or ether chains, respectively, which are prefer- 
ably saturated, having 1 2-1 8 carbon atoms. 

4. Micro-capsules according to claim 3, 
50 characterized in that the monoglyceride is 

1-monolaurin, 1 -monomyristin, 1-monopalmitin 
or 1 -monostearin or a mixture of two or more of 
these 

5. Micro-capsules according to claim 4, 
55 characterized in that the monoglyceride is 

1-monolaurln or a mixture of 1-monolaurin and 
1 -monomyristin wherein the proportion of 
1 -monolaurin is at least 1 0 percent by weight. 

6. Micro-capsules according to any one of the 
60 preceding claims, characterized in that the 

hydrophobic or lipophilic substance is selected 
from the group of substances which are 
sparingly soluble in water and which have a 
melting point close to or below the intended 
65 temperature of use of the micro-capsules, e.g. 
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coal-tar. 

7. Micro-capsules according to any one of 
claims 1 to 5, characterized in that the hydro- 
phobic or lipophilic substance is selected from 

the group of oxidation-sensitive substances, 5 
e.g. marine oils, ditranol, vitamin A, vitamin D or 
flavonoides of the type catechin, rutin, rotenon, 
pyretrum or derivatives thereof and tanning 
agents, e.g. tannin. 

8. Micro-capsules according to any one of io 
claims 1 to 5, characterized in that the hydro- 
phobic or lipophilic subst ance is selected from 

the group of light-decomposition-sensitive sub- 
stances, e.g. a tetracycline. 

9. Micro-capsules according to any one of the 15 
preceding claims, characterized in that the 
hydrophobic or lipophilic substance constitutes 

up to about 90 percent by weight of the 
micro-capsules. 

10. A micro-capsule composition, charac- 20 
terized in that it is a dispersion of the micro- 
capsules according to any one of claims 1 to 9 

in water or any polar liquid having the ability of 
forming surface-active solid crystals from polar 
lipids, such as glycerol, ethylene glycol or 25 
propylene glycol, said water or said polar liquid 
constituting 50-95 percent by weight of the 
dispersion and the surface-active crystals 5-50 
percent by weight of the same. 

1 1 . A micro-capsule composition according to 30 
claim 10, characterized m that the proportion of 
hydrophobic or lipophilic substance is 0.1-15 
percent by weight of the composition. 

12. A process for the preparation of micro- 
capsules according to any one of claims 1 to 9, 35 
or a micro-capsule composition according to 

any one of claims 10 to 11, characterized by 
mixing the polar lipid with water or any polar 
liquid having the ability of forming surface-ac- 
tive crystals from polar lipids, such as glycerol, 40 
ethylene glycol or propylene glycol, to the 
formation of a mixture having a concentration of 
water or polar liquid, respectively, of 50-95 
percent by weight, inparting to said mixture a 
temperature above the so-called transition 45 
temperature of said li pid, which temperature is 
defined as the lowest temperature at which a 
particle of said lipid in contact with an excess of 
water or polar liquid absorbs water or polar 
liquid, respectively, and is converted into cylind- 50 
rical or spherical particles having a strong 
birefringence, which particles are named lipo- 
somes, maintaining the mixture above said 
temperature with stirring until the conversion 
has taken place and cooling the mixture with 55 
continued stirring to ambient temperature or 
the desired temperature, so that said surface- 
active solid crystals are formed, the hydro- 
phobic or lipophilic substance being added 
before said lipid is transformed into liposomes 60 
or while it is still in the liposomic form, and 
optionally evaporating water or polar liquid to 
the desired solids content of the micro-cap- 
sules. 

13. A method of preparing a crystal dispersion 65 



of a polar lipid in a polar liquid, characterized by 
mixing said polar lipid with a polar liquid having 
the ability of forming surface active solid 
crystals of the polar lipid, such as glycerol, 
elhylene glycol or propylene glycol, to the 
formation of a mixture having a proportion of 
the polar liquid of 50-95 percent by weight, 
inparting to said mixture a temperature over the 
so-called transition temperature of said lipid, 
which temperature is defined as the lowest 
temperature at which a particle of said lipid in 
contact with an excess of water or polar liquid 
absorbs water or polar liquid, respectively, and 
is transformed into cylindrical or spherical 
particles having a strong birefringence, which 
particles are named liposomes, maintaining the 
mixture above said temperature with stirring 
until said transformation has taken place and 
cooling the mixture with continued stirring to 
ambient temperature or the desired tempera- 
ture, so that said surface-active crystals are 
formed. 

14. A process or method according to any one 
of claims 12 or 13. characterized 'by maintaining 
the mixture at a temperature which exceeds 
said transition temperature with 5 to 15° C until 
equilibrium has been reached. 

15. A process or method according to any one 
of claims 12 to 14, characterized by cooling said 
mixture at a rate of 0.5-5° C per minute. 

16. A crystal dispersion of a polar lipid in a 
polar liquid, characterized in that it comprises a 
dispersion of the polar lipid In a polar liquid 
having the ability of forming polar solid crystals 
of the polar lipid, such as glycerol, ethylene 
glycol or propylene glycol, that the polar liquid 
constitutes 50-95 percent by weight of the 
dispersion, and that the molecular orientation of 
the polar lipid within the crystal is such that the 
crystal surface essentially consists of polar end 
groups of the lipid, which impart hydrophilic 
properties to said crystals. 

17. Use of micro-capsules according to any 
one of claims 1 - 9 or a micro-capsule composi- 
tion according to any one of claims 10 - 1 1 in an 
ointment base. 




EP 86 85 0334 



DOCUMENTS CONSIDERED TO BE RELEVANT 








otrfwwtpamaM 


toctow 


CLASSIFICATION OF THE 
*mJCATION(lnt. a.*) 


X 


WO- A- 8 500 Oil (THE UNIVERSITY 
OF MIAMI) 

* Page 6, lines 12-17; page 14, 
lines 1-19; page 17, lines 18-33 
* 


1,3,7 
10 


B 01 J 13/02 
A 61 K 9/50 


A 


CH-A- 417 537 (THE NATIONAL 
CASH REGISTER CO. ) 
* Page 1, lines 63-70; page 2, 
lines 1-16,77-98 * 


1,2,6 
12,13 




A,D 


GB-A-1 174 672 
* Page 3, lines 


(V. K. LARSSON) 
11-40,109-119 * 


1-4,1 
,12,1 


) 
\ 


A,D 


W0-A-8 300 294 
LITTLE INC.) 


(ARTHUR D. 


1,4 


TECHNCAL. FIELDS 
SEARCHED (lot CM) 




* Page 4, paragraph o ; page s>, 
paragraph 1; page 6, paragraph 5 
* 






A 61 K 
B 01 J 


A 


MOLECULAR CRYSTALS AND LIQUID 
CRYSTALS, vol. 63, 1981, pages 
59-82, Gordon and Breach Science 
Publishers, US; KRISTER FONTELL: 
"Liquid crystallinity in 
lipid-water systems" 
* Page 80, lines 11-13 * 


1 
















Plao* of March 

THE HAGUE 


Dak of comparton of 9m laareh 

02-01-1987 


Examtnar 

KERRES P.M.G. 


CATEGORY OF CITED DOCUMENTS T : thaory or prirtop* undartymg tha mvantiofi 
E : aartiar patant docuinant. but puohanad on, or 
X : particulartyralavantiftakanatona tfltf ttiafiftng dala 
Y : particularly raiavarrt it combtnad with anotrtar D : documant cAd In tha application 
oocumorti ol ma «ama cataoory I : documant eWadwothaf raaaona 


0: « 
P : int 


n-wnttan diactoaura 
irmadlala docuraant 


& ; tnambaf o 


tha 


•amapai 





